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57 ABSTRACT

A gas shock absorber has a pressure tube which defines a
working chamber. A piston divides the working chamber
into an upper working chamber and a lower working cham-
ber. A flow path extends through the piston to provide fluid
communication between the upper and lower working cham-
bers. Avalve body is attached to the pressure tube. The valve
body defines a flow path between the working chamber and
a fluid chamber. The fluid chamber is in communication with
either the upper working chamber or the lower working
chamber. The fluid chamber can be defined within the
pressure tube, between the pressure tube and a chamber tube
or it can be defined by an air spring assembly.
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FREQUENCY DEPENDENT DAMPER

FIELD OF THE INVENTION

[0001] The present invention relates generally to dampers
or shock absorbers adapted for use in a suspension system
such as the suspension system used for automotive vehicles.
More particularly, the present invention relates to a shock
absorber which utilizes a gas rather than hydraulic fluid as
the damping medium.

BACKGROUND OF THE INVENTION THE
INVENTION

[0002] Shock absorbers are used in conjunction with auto-
motive suspension systems to absorb unwanted vibrations
which occur during driving. To absorb these unwanted
vibrations, shock absorbers are generally connected between
the sprung portion (body) and the unsprung portion (sus-
pension) of the automobile. A piston is located within a
pressure tube of the shock absorber and the pressure tube is
normally attached to the unsprung portion of the vehicle.
The piston is normally attached to the sprung portion of the
vehicle through a piston rod which extends through the
pressure tube. The piston divides the pressure tube into an
upper working chamber and a lower working chamber both
of which are typically filled with a hydraulic liquid. Because
the piston is able, through valving, to limit the flow of the
hydraulic fluid between the upper and lower working cham-
bers when the shock absorber is compressed or extended, the
shock absorber is able to produce a damping force which
counteracts the vibration which would otherwise be trans-
mitted from the unsprung portion of the vehicle to the sprung
portion of the vehicle. In a dual tube shock absorber, a fluid
reservoir or reserve chamber is defined between the lower
working chamber and the reserve chamber to also produce
a damping force which counteracts the vibrations which
would otherwise be transmitted from the unsprung portion
of the vehicle to the sprung portion of the vehicle.

[0003] Shock absorbers filled with hydraulic liquid have
met with continuous success throughout the automotive
industry. While meeting with success in the automotive
industry, hydraulic liquid filled shock absorbers are not
without their problems. One problem with these prior art
shock absorbers is that they are not sensitive to the fre-
quency of the vibrations. Complex systems have been devel-
oped to modify these liquid filled shock absorbers to provide
a shock absorber that is relatively soft for high frequency
vibrations while being relatively stiff for low frequency
vibrations. Other problems associated with the prior art
hydraulic liquid filled shock absorbers include the variability
in their damping forces due to temperature changes of the
hydraulic liquid. As the temperature of the hydraulic liquid
changes, the viscosity of the liquid also changes which
significantly affects the damping force characteristics of the
liquid. In addition, any aeration of the hydraulic liquid
during operation of the shock absorber adversely affects the
operation of the damper due to the introduction of a com-
pressible gas into a non-compressible liquid. Finally, the
hydraulic liquid adds to the weight of the shock absorber as
well as presenting environmental concerns regarding the use
and disposal of a hydraulic liquid.

[0004] The continued development of shock absorbers has
been directed towards shock absorbers which do not use a
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hydraulic liquid for their damping medium. The replacement
of the hydraulic liquid medium with an environmentally
friendly gas medium provides the opportunity to overcome
some of the problems associated with the hydraulic fluid
damping medium shock absorbers.

SUMMARY OF THE INVENTION

[0005] The present invention provides the art with a shock
absorber that utilizes a gas, preferably air, as the damping
medium. The use of the gas as the damping medium
produces a frequency dependent damper or shock absorber
which is significantly less sensitive to temperature when
compared to hydraulic liquid dampers, is not adversely
affected by aeration over time, is lower in weight and,
especially when the gas is air, it is environmentally friendly
due to the elimination of the hydraulic oil.

[0006] Other advantages and objects of the present inven-
tion will become apparent to those skilled in the art from the
subsequent detailed description, appended claims and draw-
ings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] In the drawings which illustrate the best mode
presently contemplated for carrying out the present inven-
tion:

[0008] FIG. 1 is an illustration of an automobile incorpo-
rating the unique gas filled frequency dependent damper in
accordance with the present invention;

[0009] FIG. 2 is a side view, partially in cross-section, of
the unique gas filled frequency damper in accordance with
the present invention;

[0010] FIG. 3 is an enlarged cross-sectional view of the
valving system incorporated into the piston assembly of the
frequency dependent damper shown in FIG. 2;

[0011] FIG. 4 is an enlarged cross-sectional view of the
rod guide assembly of the frequency dependent damper
shown in FIG. 2;

[0012] FIG. 5 is an enlarged cross-sectional view of a
piston assembly in accordance with another embodiment of
the present invention;

[0013] FIG. 6 is a side view, partially in cross-section, of
a unique gas filled frequency dependent damper in accor-
dance with another embodiment of the present invention;
and

[0014] FIG. 7 is a side view, partially in cross-section, of
a unique gas filled frequency dependent damper in conjunc-
tion with an air spring in accordance with another embodi-
ment of the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0015] Referring now to the drawings in which like ref-
erence numerals designate like or corresponding parts
throughout the several views, there is shown in FIG. 1 a
vehicle incorporating a suspension system having the fre-
quency dependent dampers in accordance with the present
invention and which is designated generally by the reference
numeral 10. Vehicle 10 includes a rear suspension system
12, a front suspension system 14 and a body 16. Rear
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suspension system 12 includes a pair of independent sus-
pensions adapted to operatively support a pair of rear wheels
18. Each rear independent suspension is attached to body 16
by means of a shock absorber 20 and a helical coil spring 22.
Similarly, front suspension system 14 includes a pair of
independent suspensions adapted to operatively support a
pair of front wheels 24. Each independent front suspension
is attached to body 16 by means of a shock absorber 26 and
a helical coil spring 28. Rear shock absorbers 20 and front
shock absorbers 26 serve to dampen the relative movement
of the unsprung portion (i.e., front and rear suspension
systems 12 and 14, respectively) of vehicle 10 with respect
to the sprung portion (i.e., body 16) of vehicle 10. While
vehicle 10 has been depicted as a passenger vehicle having
independent front and rear suspensions, shock absorbers 20
and 26 may be incorporated into other types of vehicles
having other types of suspensions and springs or into other
types of applications, including, but not limited to, vehicles
incorporating air springs, leaf springs, non-independent
front and/or non-independent rear suspension systems. One
of the unique features of the present invention is that if it is
combined with an air spring, the air spring and the shock
absorber can communicate with each other or the air spring
and the shock absorber can be separate units. Further, the
term “shock absorber” as used herein is meant to refer to
dampers in general and thus will include MacPherson struts,
spring seat units, as well as other shock absorber designs
known in the art.

[0016] Referring now to FIG. 2, front shock absorber 26
is shown in greater detail. While FIG. 2 shows only shock
absorber 26, it is to be understood that rear shock absorber
20 is or can be designed as a frequency dependent damper
in accordance with the present invention. Rear shock
absorber 20 would only differ from front shock absorber 26
in the way it is adapted to be connected to the sprung and
unsprung portions of vehicle 10 and in the dimensions of the
various components. Shock absorber 26 comprises a pres-
sure tube 30, a piston assembly 32, a piston rod 34 and a rod
guide assembly 36.

[0017] Pressure tube 30 defines a working chamber 42.
Working chamber 42 is filled with a gas, preferably air, at a
specified pressure to act as the damping medium. Piston
assembly 32 is slidably disposed within working chamber 42
and divides working chamber 42 into an upper working
chamber 44 and a lower working chamber 46. A seal
assembly 48 is disposed between piston assembly 32 and
pressure tube 30 to permit sliding movement of piston
assembly 32 with respect to pressure tube 30 without
generating undue frictional forces as well as sealing upper
working chamber 44 from lower working chamber 46.
Piston rod 34 is attached to piston assembly 32 and extends
through upper working chamber 44 and through rod guide
assembly 36 which closes the upper end of pressure tube 30.
The end of piston rod 34 opposite to piston assembly 32 is
adapted to be secured to the sprung portion of vehicle 10.
The end of pressure tube 30 opposite to rod guide assembly
36 is closed by an end cap 50 and end cap 50 is adapted to
be connected to the unsprung portion of vehicle 10. While
piston rod 34 is shown adapted for being connected to the
sprung portion of vehicle 10 and end cap 50 is adapted for
being connected to the sprung portion of vehicle 10, due to
the use of a gas as the pressure medium, it is within the scope
of the present invention to have piston rod 34 adapted to
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attach to the unsprung portion of vehicle 10 and end cap 50
adapted to attach to the sprung portion of vehicle 10 if
desired.

[0018] Referring now to FIGS. 2 and 3, piston assembly
32 comprises a piston body 52, a compression valve assem-
bly 54 and a rebound or extension valve assembly 56. Piston
rod 34 defines a reduced diameter section 58 onto which
compression valve assembly 54, piston body 52 and rebound
valve assembly 56 are located. A nut 60 secures piston
assembly 32 onto section 58 of piston rod 34 with compres-
sion valve assembly 54 abutting a shoulder 62 located on
piston rod 34, piston body 52 abutting compression valve
assembly 54, rebound valve assembly 56 abutting piston
body 52 and nut 60 abutting rebound valve assembly 56 and
threadingly engaging piston rod 34 to retain piston assembly
32 on piston rod 34.

[0019] Seal assembly 48 comprises a pair of annular seals
located between piston body 52 and pressure tube 30. Seal
assembly 48 is held in position by a plurality of grooves 64
formed in piston body 52. Seal assembly 48 permits sliding
movement of piston body 52 with respect to pressure tube 30
without generating unique frictional forces as well as pro-
viding a seal between upper working chamber 44 and lower
working chamber 46. This dual roll played by seal assembly
48 is extremely important for pneumatic shock absorber 26
due to the high pressures generated in working chambers 44
and 46 and the continued need for limiting the sliding forces
generated between piston assembly 32 and pressure tube 30.

[0020] Piston body 52 defines a plurality of compression
passages 70 and a plurality of extension passages 72. During
a compression movement of shock absorber 26, gas flows
between lower working chamber 46 and upper working
chamber 44 through passages 70 as described below. During
an extension movement of shock absorber 26, gas flows
between upper working chamber 44 and lower working
chamber 46 through passages 72 as described below.

[0021] Compression valve assembly 54 comprises a stop
74, a pair of annular seals 76 and a valve plate 78. Valve
plate 78 is normally positioned against annular seals 76 to
normally close the plurality of compression passages 70.
During a compression stroke of shock absorber 26, the gas
in lower working chamber 46 is compressed including the
gas located within the plurality of compression passages 70.
The compressed gas located within compression passages 70
exerts a force on valve plate 78 which will remain seated
closing passages 70 until the force created by the gas
pressure exceeds the bending stiffness of valve plate 78.
When the load produced by the gas pressure exceeds the
bending stiffness of valve plate 78, valve plate 78 will
deflect away from seals 76 to allow gas flow from lower
working chamber 46 to upper working chamber 44 through
passages 70.

[0022] Extension valve assembly 56 comprises a valve
stop 84, a pair of annular seals 86 and a valve plate 88. Valve
plate 88 is normally positioned against seals 86 to normally
close the plurality of extension passages 72. During an
extension stroke of shock absorber 26, the gas in upper
working chamber 44 is compressed including the gas located
within the plurality of extension passages 72. The com-
pressed gas located within extension passages 72 exerts a
force on valve plate 88 which will remain seated closing
passages 72 until the force created by the gas pressure
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exceeds the bending stiffness of valve plate 88. When the
load produced by the gas pressure exceeds the bending
stiffness of valve plate 88, valve plate 88 will deflect away
from seals 86 to allow gas flow from upper working chamber
44 to lower working chamber 46 through passages 72.

[0023] Referring now to FIGS. 2 and 4, rod guide assem-
bly 36 provides both a sealing function for shock absorber
26 as well as a lubricating function. Rod guide assembly 36
comprises a main housing 90, an upper seal assembly 92, a
lower seal assembly 94, a retainer 96 and a wiper seal 98.
Main housing 90 is fit within pressure tube 30 with a pair of
seals 100 sealing the interface between housing 90 and
pressure tube 30. Retainer 96 secures main housing 90
within pressure tube 30. Wiper seal 98 is located between
housing 90 and retainer 96 and acts to wipe foreign material
off of piston rod 34 during the stroking of shock absorber 26.
Housing 90 defines an external cavity 102 located between
the pair of seals 100. External cavity 102 can be filled with
oil to aid in the sealing between housing 90 and pressure
tube 30. Housing 90 defines an internal cavity 104 within
which upper seal assembly 92 and lower seal assembly 94
are located.

[0024] Upper seal assembly 92 comprises a dynamic seal
112 located between housing 90 and piston rod 34, a static
seal 114 located between dynamic seal 112 and housing 90
and a retainer 116 attached to housing 90 to retain upper seal
assembly 92 within cavity 104.

[0025] TLower seal assembly 94 is similar to upper seal
assembly 92 and it comprises a dynamic seal 122, a static
seal 124, a seal housing 126, a first retainer 128, and a
second retainer 130. Dynamic seal 122 is located between
seal housing 126 and piston rod 34. Static seal 124 is located
between dynamic seal 122 and housing 126. First retainer
128 is attached to housing 90 to position lower seal assembly
94 within cavity 104. Second retainer 130 is attached to
housing 90 to retain lower seal assembly within cavity 104.

[0026] Housing 90, upper seal assembly 92 and lower seal
assembly 94 cooperate to form a chamber 140 within cavity
104 which is filled with lubricating oil to seal and lubricate
the movement of piston rod 34 through rod guide assembly
36. A pair of seals 142 located between housing 90, housing
126 and first retainer 128 isolates chamber 140 from upper
working chamber 44. During assembly of shock absorber
26, chamber 140 is filled with a specified amount of lubri-
cant. Upper seal assembly 92 isolates chamber 140 from the
outside environment and lower seal assembly 92 isolates
chamber 140 from upper working chamber 44. Thus, the
lubricant within chamber 140 of shock absorber 26 seals
working chamber 42 to allow it to maintain its original gas
charge while simultaneously providing lubrication for the
movement of piston rod 34.

[0027] A valve body 150 is secured to pressure tube 30
such that axial motion with respect to pressure tube 30 is
prohibited. Valve body 150 defines a gas chamber 152
located below valve body 150 and below lower working
chamber 46. A tunable restriction 154 extends through valve
body 150 to provide communication between lower working
chamber 46 and gas chamber 152.

[0028] Gas filled shock absorber 26 described above pro-
vides a frequency dependent damper which can be tuned to
specific performance requirements for specific applications.
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During compression and extension movements of a prior art
liquid filled shock absorber, the liquid moves from either the
lower working chamber to the upper working chamber or
from the upper working chamber to the lower working
chamber. This provides frequency versus dissipation
response curves which continue to rise at an ever increasing
rate as the frequency of the damped vibration increases
leading to an exponential shaped curve at higher frequen-
cies. The present invention provides the suspension system
designer the opportunity to flatten the shape of this curve.

[0029] The flattening out of this curve is due to the
compressibility of a gas versus the non-compressibility of a
liquid. During low speed or low frequency movements of
shock absorber 26, minimal compression of the gas occurs
and movement of piston assembly 32 easily transfers gas
between working chambers 44 and 46 of pressure tube 30.
As the frequency of the movement increases, compression
of the gas will also increase, changing the dissipation as the
compressed gas begins to work like a gas spring. The
specific point at which the gas shock curve bends away from
the liquid shock curve can be tuned by selecting different
sizes for passages 70 and 72 and different stiffnesses for
valve plates 78 and 88. In addition to changing the shape of
the frequency versus dissipation response curves, the height
of the curve can also be tuned by changing the initial gas
pressure within working chamber 42 as well as changing the
axial position of valve body 150.

[0030] The dual points of tunability for shock absorber 26
allows for tuning shock absorber 26 to both the lower car
body natural frequencies (1-5 Hz) as well as the higher
wheel hop natural frequencies (10-20 Hz) to optimize per-
formance of shock absorber 26 at both of these frequencies.
The prior art liquid shock absorbers could be tuned to one
specific frequency but the remaining frequency responses
were a result of the shape of the curve which could not be
altered.

[0031] Referring now to FIG. 5, a piston assembly 32' is
illustrated. Piston assembly 32' is designed to be a direct
replacement for piston assembly 32. Piston assembly 32'
comprises a piston body 52' and a tunable restriction 70'.
Tunable restriction 70' replaces passages 70 and 72 of piston
assembly 32 and provides communication between upper
working chamber 44 and lower working chamber 46. The
damping characteristics for a shock absorber 26 which
incorporates piston assembly 32' is controlled by the size of
tunable restriction 70'. The function, operation and advan-
tages listed above for shock absorber 26 utilizing piston
assembly 32 are the same for shock absorber 26 when piston
assembly 32' replaces piston assembly 32.

[0032] Referring now to FIG. 6, a shock absorber 226 in
accordance with another embodiment of the present inven-
tion is illustrated. Shock absorber 226 comprises pressure
tube 30, piston assembly 32, piston rod 34, a rod guide
assembly 236 and a chamber tube 238.

[0033] One of the problems associated with shock
absorber 26 shown in FIG. 2 is the addition of gas chamber
152 increases the overall length of shock absorber 26
without increasing the available stroke for shock absorber
26. Shock absorber 226 addresses this issue by having
chamber tube 238 define a gas chamber 350 which is
concentric with working chamber 42 defined by pressure
tube 30. In order to accommodate chamber tube 238, rod
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guide assembly 236 replaces rod guide assembly 36. Rod
guide assembly 236 is the same as rod guide assembly 36
except that retainer 96 has been replaced with retainer 296.
Retainer 296 is the same as retainer 96 except for having a
flanged section 298 which extends radially outward to mate
with chamber tube 238 to seal gas chamber 350. In addition,
end cap 50 of shock absorber 26 has been replaced with end
cap 250. End cap 250 is the same as end cap 50 except that
end cap 250 extends radially outward to mate with chamber
tube 238 to seal gas chamber 350. The function, operation
and advantages for shock absorber 226 are the same as those
listed above for shock absorber 26.

[0034] Referring now to FIG. 7, a shock absorber 426 in
accordance with another embodiment of the present inven-
tion is illustrated. Shock absorber 426 comprises pressure
tube 30, piston assembly 32, piston rod 34 and a rod guide
assembly 436.

[0035] When vehicle 10 includes an air spring assembly
422 in place of coil springs 22 and/or coil springs 28, the
volume of the compressed gas can be utilized as a gas
chamber 550 in place of chamber 150 or 350 for shock
absorber 426.

[0036] Air spring assembly 422 comprises a flexible blad-
der 424 which is secured to shock absorber 426 using a
retainer 428 and which is secured to an upper mount
assembly 430 by a retainer 432. Bladder 424 defines cham-
ber 550 which contains pressurized gas for supporting body
16 of vehicle 10. In order to utilize chamber 550 for the
tuning of shock absorber 426, a tunable restriction 554 needs
to be provided through rod guide assembly 436 to allow gas
communication between upper working chamber 44 and
chamber 550. While not specifically illustrated, rather than
provide tunable restriction 554 through rod guide assembly
436, lower working chamber 46 can communicate with
chamber 550 through either an exteriorly located or an
interiorly located tunable restriction if desired. Rod guide
assembly 436 is the same as rod guide assembly 36 with the
exception of incorporation tunable restriction 554. The func-
tion, operation and advantages of shock absorber 426 are the
same as those detailed above for shock absorber 26.

[0037] While the above detailed description describes the
preferred embodiment of the present invention, it should be
understood that the present invention is susceptible to modi-
fication, variation and alteration without deviating from the
scope and fair meaning of the subjoined claims.

What is claimed is:
1. A damper comprising:

a pressure tube forming a working chamber;

a piston disposed within said working chamber, said
piston dividing said working chamber into an upper
working chamber and a lower working chamber;

a first flow path extending through said piston to provide
communication between said upper working chamber
and said lower working chamber;

a valve body disposed between said working chamber and
a fluid chamber; and

a second flow extending through said valve body to
provide communication between said working chamber
and said fluid chamber.
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2. The damper according to claim 1, wherein said valve
body is attached to said pressure tube, said valve body and
said pressure tube defining said fluid chamber.

3. The damper according to claim 2, wherein said fluid
chamber is in communication with said lower working
chamber.

4. The damper according to claim 1, wherein said valve
body is attached to said pressure tube, said fluid chamber
being disposed within said pressure tube.

5. The damper according to claim 4, wherein said fluid
chamber is in communication with said lower working
chamber.

6. The damper according to claim 1, further comprising a
compression valve assembly attached to said piston, said
compression valve assembly prohibiting fluid flow from said
upper working chamber to said lower working chamber.

7. The damper according to claim 6, further comprising an
extension valve assembly attached to said piston, said exten-
sion valve assembly prohibiting fluid flow from said lower
working chamber to said upper working chamber.

8. The damper according to claim 1, wherein said first
flow path is an open flow path.

9. The damper according to claim &8, wherein said second
flow path is an open flow path.

10. The damper according to claim 1, wherein said second
flow path is an open flow path.

11. The damper according to claim 1, further comprising
a chamber tube disposed around said pressure tube, said
fluid chamber being disposed between said pressure tube
and said chamber tube.

12. The damper according to claim 11, wherein said valve
body is attached to said pressure tube.

13. The damper according to claim 12, wherein said fluid
chamber is in communication with said lower working
chamber.

14. The damper according to claim 11, further comprising
a compression valve assembly attached to said piston, said
compression valve assembly prohibiting fluid flow from said
upper working chamber to said lower working chamber.

15. The damper according to claim 14, further comprising
an extension valve assembly attached to said piston, said
extension valve assembly prohibiting fluid flow from said
lower working chamber to said upper working chamber.

16. The damper according to claim 11, wherein said first
flow path is an open flow path.

17. The damper according to claim 16, wherein said
second flow path is an open flow path.

18. The damper according to claim 11, wherein said
second flow path is an open flow path.

19. The damper according to claim 1, further comprising
an air spring assembly attached to said damper, said air
spring assembly defining said fluid chamber.

20. The damper according to claim 19, wherein said valve
body is attached to said pressure tube.

21. The damper according to claim 20, wherein said fluid
chamber is in communication with said upper working
chamber.

22. The damper according to claim 19, wherein said fluid
chamber is in communication with said upper working
chamber.

23. The damper according to claim 19, further comprising
a compression valve assembly attached to said piston, said
compression valve assembly prohibiting fluid flow from said
upper working chamber to said lower working chamber.
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5
24. The damper according to claim 23, further comprising 26. The damper according to claim 25, wherein said
an extension valve assembly attached to said piston, said second flow path is an open flow path.
extension valve assembly prohibiting fluid flow from said 27. The damper according to claim 19, wherein said
lower working chamber to said upper working chamber. second flow path is an open flow path.

25. The damper according to claim 19, wherein said first
flow path is an open flow path. I T S



